Introduction. Korosten pluton (KP) is one of the largest and best studied magmatic complexes of Ukrainian Shield (USh). It occupies the northwestern part of it and covers an area of approximately 12000 km 2 [21, 54] . Pluton ( fig. 1 ) comprises typical anorthosite-rapakivi granite association (ARGA) and represents complex multistage intrusive body with at least 50 Ma of emplacement history (≈1,8-1,75 Ga [6, 8, 28, 39] ). Three main groups of rocks are distinguished at present erosional level: granitoids and related pegmatites (4 bodies that cover 75% of KP); gabbroids (3 large bodies); hybrid rocks, which formed as a result of gabbroic and granitic magma mixing according to [33] . Gabbroid and granitoid bodies themselves represent polyphase intrusions composed by rocks associations of different age [6, 10, 19, 20, 54 etc.] . Two anorthositic (A1, A2) and two gabbroic (G3, G4) phases are distinguished among the gabbroids, the earliest phase (A1) age is estimated as 1,8-1,784 Ga and later phases are believed to be 1,763-1,758 Ga [6, 33, 39, 54] . Three phases of granitic intrusions are confirmed for the KP [9, 18, 22, 27, 31] : γ 1 -rapakivi granites and biotite-amphibole rapakivi-like granites, γ 2 -subalkali biotite leucogranites and graniteporphyries, γ 3 -vein rare-metal microgranites and graniteporphyries, which are dated as 1767±5, 1752±16, 1737±54 Ma respectively [22, 33] . Age of gabbro-monzonites and granosyenites (hybrid rocks) is estimated as 1760,7±4,1 and 1763,8±2,6 Ma respectively [33] .
Long history of KP research [1, 5-16, 18, 20-25, 27, 28, 31-36, 39, 43, 54 etc.] led to formation of two major models of its formation. First model [1, 4 et al.] accepts fractional crystallization of basic melt as leading mechanism of all rocks formation (especially granitic and gabbroic components). Model stands on the basis of evident spatial association of granitoids and gabbroids with hybrid rocks as transitional link as well as experimentally proved [51 etc.] possibility of such scenario. Nevertheless, the model poorly describes aforementioned datings and dominating position of granitic rocks in KP. Second model implies bimodal magmatism and lacks direct genetic relations between granitoids and gabbroids [5, 23 etc.] . Model suggests partial melting of granulitic substratum under the influence of mantle melts as main mechanism, which resulted in formation of peraluminous melts due to mixing of mantle and lower crust material. Basic rocks formation was initiated by intrusion of such melts in higher crust levels that was followed by formation of transitional chambers and differentiation in them. Granitoids are believed to be formed as a result of middle level crust melting by high-temperature basic magmas [21, 23 etc.] . Objective analysis points out that second model is better grounded and is also proved by data on deep crustal structure of northwestern part of USh obtained by a complex of modern geophysical methods modeling [14, 16, 54 etc.] .
Therefore, conducted geological, petrologic and geophysical research allowed to suggest realistic models of KP formation and to assess conditions of leading rock types crystallization. According to mineral thermobarometry data [21] , crystallization of A1 type anorthosites took place under ~1000°C temperature and depth of ~30 km or more. Similar data on A2 type anorthosites yields temperature of 800-850°C and depth of ~18 km [21] . As for prevailing granites, mineral thermobarometry [1, 23] and fluid inclusions study [7, 13, 15, 25] suggests a wide range of depths (3 to 12 km) and temperatures (850-600°С for granitoids and 600-350°С for pegmatites) of crystallization, which corresponds to upper continental crust level. However, introduced models [1, 4, 5, 14, 23, 54 etc.] suggest generation and subsequent differentiation of granitic melts in much deeper conditions. The problem is that mechanisms and conditions of such processes are insufficiently studied. 1 -Early Proterozoic gneisses, migmatites, granites; 2 -sedimentary-volcanic rocks of the Ovruch group; 3 -altered rocks in tectonic zones (I -Suschano-Perga zone; II -Teterev zone); 4 -rare-metal granite dykes; 5 -granite porphyry; 6 -porphyritic coarse-grained rapakivi granites with minor ovoides (Amph+Bt, Bt); 7 -rapakivi granites with micro to large size ovoids (Amph+BtPxOl); 8 -anorthosites, gabbro-norites, gabbro-diabases. 9 -faults (a-regional, b-local); 10 -sampling locations with their numbers In present paper authors make an attempt to solve the latter problem at an example of KP granitoid series by means of representative set of geochemical data complex analysis. Reaching the aim requires solving next tasks: (1) development of KP granitoids evolution geochemical model, (2) model evaluation of thermodynamic parameters and fluid mode of magma chamber evolution (3) assessment of granitic magma potential to generate high-temperature orebearing fluids able to large-scale metasomatic alteration of host rocks and mineral deposits formation.
Sampling and analytical techniques. All the granitic rocks of the Korosten pluton, taking into account the results of this paper as well as early published ones [12, 18, 20, 27, 31, 43 etc.] are classified into 11 main varieties (types) of rocks that are widely distributed all over the pluton. Each type is investigated in details, while main rock types constitute a simplified but a representative description of trace and major elements abundance variations within the Korosten pluton granitoids.
Locations of sampling with their numbers are shown in Fig 1. All the sampled types of rocks, with short description, are listed below (see Table 1 ) in an order of f parameter values reduction. A decrease of f parameter value obtained as a result of geochemical modelling is in correlation with the rock types relative emplacement ages. Each rock type is investigated by a number of ordinary point samples (n=19-25) to carry out element analysis and one bulk representative sample to make a detailed geochemical and mineralogical analysis. Bulk representative samples are additionally studied through thin sections and heavy mineral concentrates to establish complete mineralogical composition. The presence of trace amounts (up to separate grains concentration level) of accessory phases of zircon-apatite-monazite-xenotime association is checked during the research. Mineralogical investigation results are summarized in a concise description of rock types added to the The latter analytical procedure made it possible to minimize analytical uncertainties that may arise in case of non-homogenous trace elements distribution in powdered samples. The best results (decreased n-fold) are obtained for P, LREE (La, Ce, Nd) and especially for Zr -the elements that form their own accessory phases of apatite, monazite and zircon. For all bulk samples total analytical uncertainty with a confidence level of 95% is estimated to be (in relative %): Si -0.5-0.6%; Al, Fe, Na, K, Rb, Ba -1.5-5%; Ti, Mn, Mg, Ca, P, Zr, Sr, Y, La, Ce, Nd -5-10%; Nb, Pb, Th, Cu, Zn, Ga -10-15% (up to 20-40% for ~20 ppm level); S, Cl -15-30%. In case of point samples noticeable analytical uncertainty is noticed only for Zr (up to 15-25%). Other elements show lesser uncertainties (P, LREE etc.) or insignificant ones (major elements).
Representative whole-rock data set used for geochemical modelling is formed on the basis of analytical results. Each Korosten granitoids rock type includes (1) compositions calculated as averages of point samples analyses (see Table 3 ); (2) the composition of bulk (see Table 2 ) samples (22 whole-rock analyses in total). Representative data for F average content in rock types [27] is added to this set. Geochemical data set for altered rocks includes only the ordinary samples analyses. Notes: Fsp -K-feldspar, Pl -plagioclase (* albite), Qtz -quartz, Hbl -hornblende, Bt -biotite (** Li-biotite, *** zinnwaldite), Px+Ol -pyroxene+olivine (relic), Acc -accessory minerals (**** including <2.5% topaz and <0.1% other accessories), Zrn -zircon, Ap -apatite, Mnz -monazite, Xnt -xenotime; n.d. -not detected.
Modelling procedure and results.
Model options. Five idealized models of trace elements behaviour during melt crystallization and partial melting are suitable for geochemical modelling of real magmatic processes [29, 30, 38, 41, 44, 46, 50, 52 etc.] . These models, simplified for the case of constant bulk distribution coefficient, are presented below by equations (1) (Rayleigh fractional crystallization), (2) (equilibrium melt crystallization and batch melting), (3) (fractional partial melting with melt accumulation in magma chamber) and (4) (strict fractional partial melting):
where C is the element concentration in the melt, 0 С and 0 S С -initial element concentration in the parent melt and parent solid rock respectively, D -bulk distribution coefficient for the element, f -weight fraction of liquid (melt) in the system.
To apply the general forms of these equations [44, 46] the value of D variations (dependent on the temperature, pressure, melt and solid phase composition) during magma evolution should be obtained. Due to absence of the latter data in practice, only simplified equations could be used in geochemical modelling. Generally, the models, designed on this base, are semiquantitative, but they demonstrate close approximation to magmatic evolution if D values for some compatible and (or) incompatible elements are approximately constant and might be determined. Granitoids magmatic evolution is a typical example in this case. The temperature range and variations in melt and solid phase composition of granite-forming systems are less studied than those of basalt-forming ones. Therefore, approximately constant D values could be calculated for the elements with the distributional pattern controlled only by main rock-forming minerals. Rb and Sr are the typical elements of this group. According to the data available [2, 30] , a set of D values may be suggested to be used in geochemical modelling of such typical geological environments: (1) melt crystallization with K-feldspar and plagioclase as the main phases of the crystallizing assemblage (DRb=0.5, DSr=2), (2) partial melting at lower crustal level with plagioclase as the main restite phase (DRb=0.1, DSr=2). In case of partial melting at the upper mantle level (olivine and pyroxene as the main restite phases), DRb=0.1 and DSr=0.1 values are the most realistic estimations obtained. The latter set of D values is used in further modelling procedure.
The data available confirms contrary role (compatible and incompatible) of Rb and Sr (as well as Ba) during the formation of Korosten pluton granitoids (Fig. 2, a) . Therefore, our data set for the Korosten pluton and the data sets of other granitoids complexes of the Ukrainian Shield [9] , obtained by means of XRF and reported by [10, 12] , were studied in comparison with the different model trends of melt crystallization and partial melting in order to choose between different models for the Korosten granitoid complex (Fig. 3,  a) . Model trends calculated are based on equations (1) fig. 2, b) confirm that DRb=0. 5 and DSr=2 values are correct in a case of the Korosten pluton granitoids formation. Similar plot for all present data on Ukrainian Shield granitoids approximated to Rayleigh model ( fig. 3, b) shows that these values are a good estimation in a general case too. 
Fig. 2. Sr, Ba and Rb geochemistry in Korosten Pluton granitoids. (a) Elements concentration vs. SiO 2 content, (b) ln Sr and ln Ba as a linear functions of ln Rb
The opposite result was obtained for all granitoids complexes of the greenstone, gneiss-granulitic regions and some complexes of gneiss-amphibolitic regions of Ukrainian Shield [9] . As it is seen at Fig. 3 , a the data of these complexes is in a good agreement with (2) and (3) partial melting models. According to the preliminary results of semiquantitative modelling ( fig. 3, b) the granitoids of these complexes were presumably formed during the partial melting of plagioclase-bearing lower crust originally derived from mantle. Their crustal Sr and Nd isotopic composition, reported by [3, 11, 32, 
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All trace elements (including P, Ti, S, Cl, F, CaO) and major oxides (including M and D bulk composition parameters explained in the next paragraphs) are plotted against f ( fig. 4-6 ) and approximated by means of equations of
type or polynomial ones respectively. Only some major elements data for autometamorphic rocks (especially shown in Fig. 6 , a, 6, c and 6, d) are excluded from the approximation. In such a way, geochemical data set is transformed in a set of model equations (presented in Fig. 4-6 Rb  169  181  216  197  234  259  287  267  338  479  1000  Sr  145  121  95  65  64  37  50  50  23  12  3  Y  48  40  63  38  45  43  49  50  125  136  74  Zr  498  489  475  424  530  415  317  249  348  363  129  Nb  24  19  31  19  22  10  30  22  31  59  29  Ba  1363  1189  720  805  883  554  311  349  216  54  33  La  100  70  95  73  105  92  60  84  200  133  27  Ce  180  127  184  124  181  144  116  132  315  197  47  Nd  81  61  90  57  71  59  60  47  119  59 Accessory minerals crystallization and estimation of the melt temperature. Monotonous decrease of Zr content ( fig. 4, b, 7, a) indicates the saturation of the residual melt in zircon over the whole observed range of f values (f=1-0.01). The data on P content demonstrate more complicated situation. Hence, similar monotonous decrease of P content as well as saturation of the residual melt in apatite is noticed only for f values lying within the range of 1-0.185 ( fig. 4, a,  7, a) . According to model C vs. f plots and modal mineralogical composition of the investigated rock types ( fig. 7, a, 7, b) , inversion in LREE and Y content indicates the change of apatite to monazite and monazite to xenotime in the crystallizing accessory minerals assemblage. The most important parameters of the apatite/monazite replacement point are presented on Fig. 7 .
In any cases, monotonous decrease of Zr and P content indicates saturation of the residual melt in both zircon and apatite over a wide range of f values (1-0.185). Therefore, temperature of the melt in magma chamber at moment of each residual melt portion (granitoids rock type) extraction is calculated using experimentally determined [45, 56] zircon (6) and apatite (7) solubility equations on a basis of melt composition obtained for Zr (ppm), P (ppm), M and D from the designed model equations ( fig. 4 and 6 
where
Zr , P -Zr and P content (ppm, wt%) in stoichiometric zircon, apatite and melt respectively,
SiO -weight fraction of silica in the melt, T -absolute temperature ( 0 K). TZr and TP are the temperatures calculated from the equations (6) and (7) respectively. Tmodel is an average of TZr and TP in a range of f from 1 to 0.185 and extrapolated to f = 0.02. Tmodel during the fractional crystallization within the estimated range of 900-720°C is presented in Fig. 7, c fig. 7, c) . Estimation of water content in melt, liquidus point total pressure and the conditions of water-fluid extraction from the melt. The residual melt in apatite/monazite replacement point is characterized by saturation in both apatite and monazite accessory phases. Therefore, the occurrence of this replacement within the Korosten pluton granitoids evolution creates the possibility for water content estimation in melt under the certain conditions for this replacement point ( fig. 7) . For reaching the goal, a monazite solubility equation (8) which demonstrates a high H2O-dependence of monazite solubility [49] is used: H O -water content in the melt (wt%), T -absolute temperature (K).
As a result, CH2O in apatite/monazite replacement point (f=0.185, Tmodel=825 °C , D=1.148, LREE=404.6 ppm) is estimated to be 10.77 wt% ( fig. 8, a) . .1) and assuming both approximate temperature dependence on water solubility in albite melt [48] and water solubility in granite melt under Ptotal=6.3 kbar reported by [30, 47] , water saturation limit was reached at f=0.165 ( fig. 8, a) . After this moment H2O-fluid was extracted from the melt during its further evolution.
Water-fluid composition and its comparison with composition of altered rocks. The beginning of water-fluid extraction from the melt (f=0.165) and f values estimated for model C/C0 vs. f plots inversions are almost synchronous for F and Cl as well as for such typical polymetallic and rare elements as Zn, Pb and Nb ( fig. 8, b) . The latter phenomenon testifies to high F and Cl content in extracted H2O-fluid and shows its enrichment in these elements. Such characteristics of extracted fluid as well as expected high Rb and low Sr and Ba content are in agreement with geochemical data obtained for ore-bearing altered rocks from metasomatic zones associated with Korosten pluton [19, 24, 36 etc.] and testify to their genetic unity. The evaluations obtained are in a good agreement with P values and water content estimations reported by [40] for initial melt of Fennoscandian rapakivi batholiths (P = 5-6 kbar, H2O = 2.5 wt%). The only differences are in maximum T values reported in this paper (900 and 780°C respectively). In general, it is in order, because zircon, apatite and monazite saturation temperatures are consistent with the residual melts temperatures at the moment of their partition off the solid phase in magma chamber during initial melt fractional crystallization. Therefore, Tmodel is the maximum magma temperature. However, higher T (Tmodel) values obtained in this work could be caused by partly inherited (relict) origin of zircon and apatite. Inherited accessory minerals concentrations must be taken into account in further saturation temperatures evaluations. In addition, our data must be compared with determination of trace elements and all volatile components content in melt inclusions reported by [7, 15, 25] for pegmatites of the Korosten pluton region. Reported in [15] precise determinations constitute the most correct direct information about the pegmatite melt composition (H2O = 7 wt%, F = 5.1 wt%, Cl = 0.3 wt%, enrichment in Li, Rb, Cs, Sn, Nb, U, Th and depletion in Ti, P, Zr, Sr, Ba, REE). This data lies in agreement with our model evaluations for the water, other volatile and trace elements content in the latest differentiates of Korosten granitic magma.
Conclusions.
(1) Some important parameters of magmatic evolution were estimated for the Korosten pluton granitoids on a basis of geochemical modelling. Model evaluations are in a good agreement with authentic data independently obtained for Korosten pluton and similar rapakivi granite complexes by other researchers.
(2) Not only whole-rock but equilibrated widespread accessory minerals assemblages (zircon+apatite, zircon+monazite etc.) trace elements geochemistry investigations are necessary to increase modelling procedure precision [26, 34, 37] . Also the inherited accessory minerals concentrations must be taken into account in further saturation temperatures evaluations.
(3) Similar geochemical modelling may serve as a powerful tool for other granitoid complexes investigations and economic mineralization prospecting [42, 55] .
Authors consider results published in this paper to be preliminary. Reliability enhancement requires involvement of significantly larger amount of geochemical data, which accounts for all major rock types of KP.
